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Method for working surfaces on metals. 

The present invention relates to a method for machining 
or working surfaces on metals. 

It is already known to create surfaces with self-lubri- 
cating properties by immersing a sintered metal into a smelt 
5 of lead or tin. Thus, one obtains a matrix of the base metal 
on which the applied material, e.g. lead, has filled up the 
porosity provided between the grains. When loaded, the lead 
will be pressed out and form a lubricating layer between two 
surfaces which slide relative to each other. This technique 

10 is used commercially for e.g. various types of bearing seats. 
It is also known to increase the wear resistance, in 
adhesive as well as abrasive wearing, of a metal surface by 
locally melting the metal surface with high energy and into 
the smelt add hard particles with good wear properties such 

15 as carbides, nitrides or borides . This technique is known 

from US-A-4 299 860 and is designated as laser impregnation, 
whereby a metal composite is created in the surface, consis- 
ting of substantially unchanged particles, e.g. titanium car- 
bides, in a matrix of the remelted base metal. > 

20 It is also known to add to a smelt created e.g. by laser, 

various alloying materials , e . g . molybdenum., whereby a new alloy 
is created in the remelt area, so called recovery with laser. 

The object of this technique is thus to add particles 
to the smelt which are dissolved, and in this way e.g. obtain 

25 a higher hardness or improved corrosion properties in the re- 
melt area. 

The object of the present invention is among other 
things to provide, a surface layer which is homogeneous with 
the base metal and having lubricating character, by melting 

30 the surface layer with high energy, e.g. laser, while simul- 
taneously adding a metal, metal alloy or metal mixture in 
the form of molybdenum to the smelt, whereby a metal compo- 
site is obtained consisting of substantially unchanged par- 
ticles of the added molybdenum material in a matrix of the 

35 remelt base metal. 
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Unlike laser impregnation according to US-A-4 299 860 
or recovery with molybdenum, molybdenum is here added such 
that the added molybdenum material remains essentially un- 
changed in the smelt. During relative sliding between the 
5 treated metal surface and an untreated metal surface, the 
molybdenum particles will as when using sintered metal 
according to the above, provide a "lubricating" effect 
between the two surfaces. An important advantage compared 
with US-A-4 299 860 and sintered metal is that the present 
10 invention minimizes the wear of the untreated surface and 
that the surfaces after treatment can be worked by conven- 
tional cutting operation and yet maintain the "lubricating" 
layer . 

The present invention also allows for partial treatment 
15 of e.g. crankshafts, whereby the need for particular bearing 
metals such as copper-base bearing metal or sintered metal, 
is completely eliminated. 

Thus, with the present invention there is obtained a sur 
face layer of self-lubricating character and homogeneously 
20 connected with the base material without the risk for splin- 
tering thereof or loosening in another way. The base material 
gets, in other words, a surface layer with a prolonged self 
lubricating character between e.g. sliding metal surfaces 
which can be subjected to high loads without loosening of 
25 the surface layer . 

The invention will be further described below with re- 
ference to the accompanying drawings in which 

fig. 1 is a perspective view of a metal object, the sur- 
face of which has been treated according to the invention; 
30 fig- 2 is a me tallographic picture of an etched metal 

object which has been surface impregnated; 

fig. 3 is a section through a surface impregnated sur- 
face: 

fig. 4 is a section through a surface impregnated sur- 
35 face after levelling thereof; 

fig. 5 is an example of two surface impregnated machine 
components , teeth; 
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fig. 6 is a perspective view of a metal object with an 
annular surface impregnating string; 

fig. 7 is a perspective view of the metal object of 
fig. 6 during a wire sparking moment; 
5 fig. 8 is a perspective view of a die provided by wire 

sparking of the metal object of fig. 6; 

fig. 9 is a perspective view of a stamp simultaneously 
obtained by wire sparking of the metal object of fig. 6; 

fig. 10 is a section through the upper part of the die 
10 and the lower part of the stamp of figs. 8 and 9; 

fig. 11 is a section through a die which has been sur- 
. face impregnated along bottom and end edges; 

fig. 12 is a section through the die of fig. 11; 
fig. 13 is a section through a die according to figs. 11 
15 and 12 during a die sparking operation; 

fig. 14 is a section through surface impregnated and die 
spark treated portions of a die according to figs, 10 and 11; 

fig. 15 is a me tallographic picture of an etched metal 
object which has been surface impregnated; 
20 fig. 16 is also a me tallographic picture of an etched 

metal object having been surface impregnated; and 

fig. 17 is a section through the smelt in a treated 
surface . 

In order to create or provide surfaces with self-lubri- 
25 eating properties on metal surfaces 1 on objects 2 of metal 

or another suitable material, the metal surfaces 1 are impreg- 
nated by melting the surface layers 3 thereof with high energy, 
e.g. laser beanis 4, while simultaneously adding a metal, metal 
alloy or metal mixture 5 to the smelt 6, whereby a metal com- 
30 posite is formed after setting, consisting of a matrix of 

the remelt surface layer 3 and substantially unchanged grains/ 
particles of the added material. The metal, metal alloy or 
metal mixture can be added to the smelt 6 from a reservoir 
(not shown) through .a nozzle 7. 
35 Fig. 2 shows, with a metallographic picture, a cross 

section through a metal object (SS 2258) which has been surface 
treated in accordance with the abovementioned method, wherein 
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pulverous molybdenum has been added to- the smelt through a 
nozzle. From the picture it is apparent that the molybdenum 
particles have penetrated into the smelt, whereby a metal 
composite has been created consisting of substantially un- 
5 changed molybdenum particles in a matrix of the remelt base 
metal. The hardness of the molybdenum particles amounts to 
about HV 400 and for the remelt base metal to about HV 600. 

As is apparent in more detail from fig. 17, the metal 
comprises, after working or machining, an unchanged base 
10 metal GM and a remelt base metal GMO with unchanged molybdenum 
grains MK. 

The added material is molybdenum and eventually lead and 
eventually tin and eventually indium or combinations of these 
substances . An example of the latter is molybdenum disulfide 

15 or addition of molybdenum to a smelt including sulphur or 
addition of molybdenum and sulphur to a smelt for forming 
molybdenum disulfide therein . 

The surface impregnation may be carried out partially 
on predetermined portions of the object 2 and surface treating 

20 strings 8 are formed by displacing the object 2 and laser beams 4 
relative to each other. The surface treating strings 8 are 
preferably located so in relation to each other that a por- 
tion b of 2-50%, preferably 20-40% of the width B of one of 
the surface treating strings 8 is integrated with a portion b 

25 of 2-50%, preferably 20-40% of the width B of the other sur- 
face treating string 8 (see fig. 3). This arrangement ensures 
homogeneous properties of the treated metal surfaces 1 and 
gives an increased working allowance. 

The surface treating strings 8 are further located rela- 

30 tive to each other such that they permit subsequent treatment, 
e.g. grinding or sparking, without exposure of completely 
or partially untreated material between specific surface 
treating strings 8 . 

In order to further improve the wear resistance of the 

35 metal surface 1, a metal, metal mixture or metal alloy 5 as 

above and a wear resistent particle such as carbides or cera- 
mics may be added to the smelt 6 at the same time. In this 
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way, a metal composite is obtained, consisting of "soft par- 
ticles" of lubricating character and "hard particles" with 
high wear resistance in a matrix of the remelt base metal. 
Furthermore, the surface treating strings 8 are pre- 
5 ferably imparted a largest depth of penetration D in the 
metal surface of 0,1-5 mm. 

When required, the surface impregnated metal surfaces 
are levelled (se fig. 3) and impregnated surfaces 9 with low 
friction and improved wear resistance are obtained. 

10 The surface treating strings 8 are preferably disposed 

locally on such surfaces on objects, e.g. pressing tools, 
tools, teeth, which are particularly exposed to wearing, 
while other surfaces of the object preferably are kept free 
from surface treating strings 8. An example of where surface 

15 treating strings 8 preferably can be located for friction 

reducing purpose is shown in fig. 5, where surface treating 
strings 8 have been provided on curved surfaces 10 and 
teeth 11, 12. 

For obtaining wear surfaces of desired dimensions 

20 and/or smoothness, the s^fa^e ^jj^regnated metal surfaces 1 
may be spark machined. In certain cases it might be suitable 
to wire spar ky ma chi^e thejne t a 1 surfaces, while it in other 
cases it is suitable to die spark machine said metal sur- 
faces 1 . 

25 An example of wire spark machining of surface impreg- 

nated metal surfaces is shown in ^fi gSj>_7 -10 . In these figures 
there is shown an object 2, which on^ on ejme jLal surface has 
been i mpregnat ed lo cally along a cont our line ^cojx.e.sponding 
to an (e.g. circular) endedge 13 and/or 14 of a die 15 

30 and/or a stamp 16 (and/or a punch), whereafter the die 15 

and/or stamp 16 (and/or punch) are formed by wire spark machi 
ning along said contour line by means of a wire sparking 
aggregate 17. Surface impregnation of the metal surface 1 
may in this case occur by providing along said contour line 

35 a surface impregnating string 8 of sufficient width T for a 
portion Tl of said width T to form a wear surface on the 
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die 15 while the remaining portion 12 forms a wear surface on 
the end surface of the stamp 16 (or punch), whereby a hole 18 
in the die 15 for the stamp 16 (or punch) and- the stamp 16 
(or punch) are obtained in the same moment by wire spark machi- 
5 ning along said (here circular or annular) contour line. 

In figs. 11-14 there is shown an example of die spark 
machining of impregnated metal surfaces. In these figures 
there is shown as an example an object 2 in the shape of a 
schematically illustrated tool die with a countersink 19, the 

10 end edges 20, 21 and bottom edges 22, 23 of which are impreg- 
nated -locally by being provided with surface treating 
strings 8, whereafter the surface impregnated edges are die 
spark machined to final dimensions. This can be done by means 
of a die sparking electrode 24 (see fig. 13) which is formed 

15 after the final shape and/or surface (see fig. 14) of the 
countersink 19 after the die spark machining. 

The method according to the invention is not limited to 
what is defined above, but may vary within the scope of- the 
following claims. As an alternative it can be mentioned that 

20 the melting of the surface layer may be carried out by means 
of other high energy than laser beams. 
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Claims : 

1. Method for machining or working surfaces on metals, 
namely for creating surfaces with self-lubricating properties 
on metals (1) by providing a surface layer (B) which is homo- 
geneous with the base metal and of lubricating character, 

5 whereby said surface layer of the metal is melted with high 
energy, e.g. a laser (4), characterized by 
melting the surface layer (3) of the metal while at the same 
time adding a metal, metal alloy or metal mixture (5) in the 
form of molybdenum to the smelt (6), whereby a metal compo- 
10 site is obtained, consisting of substantially unchanged par- 
ticles of the added molybdenum material in a matrix of the 
remelt base metal, 

2. Method according to claim 1, characte- 
rized by adding to the smelt (6) a metal, metal alloy 

15 or metal mixture in the form of tin and/or lead and/or 
indium or combinations of these substances. 

3. Method according to claim 1 or 2 , charac- 
terized by adding to the smelt (6) a metal, metal 
alloy or metal mixture in the form of molybdenum disulfide. 

20 4. Method according to claim 2, characte- 

rized by melting molybdenum into a smelt (6) con- 
taining sulphur for forming molybdenum disulfide therein. 

5. Method according to claim 2, characte- 
rized by impregnating the smelt (6) with molybdenum 

25 and sulphur for forming molybdenum disulfide therein. 

6. Method according to claim 4 or 5, charac- 
terized by bringing the smelt (6) to contain 5-80 
percent by volume of molybdenum. 

7. Method according to any preceding claim, c h a r a c 
30 terized by carrying out surface impregnation by lo- 
cating surface treating strings (8) relative each other so 
that they extend partially integrated with each other. 

8. Method according to claim 7, characte- 
rized in that a portion (b) of 2-5%, preferably 20- 

35 40%, of the width (B) of one of the surface treating strings 
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(8) is integrated with a portion (b) of 2-50%, preferably 
20-40% of the width (B) of the other surface treating 
string (8) . 

9. Method according to claim 7 or 8, characte- 
5 rized in that a certain portion (b) of the width (B) 

of one of the surface treating strings (8) is integrated 
with as big or substantially as big a portion (b) of the 
width (B) of the other surface treating string (8), 

10. Method according to any of claims 7-9, c h a r a c - 
10 terized by adding to the smelt (6) 0,01-80 percent 

by volume of particles in the form of carbides and/or cera- 
mics and/ or alloy substances . 

11. Method according to any of claims 7-10, c h a r a c 
terized by imparting a largest , depth of penetration 

15 (D) of 0,1-5 mm of the surface treating strings (8) into said 
material. 

12. Method according to any of claims 7-li, c h a r a c 
terized by disposing the surface treating strings (8) 
substantially locally on such surf aces on . objects (2), e.g. 

20 on pressing tools, tools or teeth, which are especially sub- 
jected to wear, while the remaining surfaces on said objects 
are kept free from surface treating strings (8). 

13. Method according to any of claims 7-12, c h a r a c 
terized by providing curved surfaces on the objects 

25 (2) with surface treating strings. 

14. Method according to any preceding claim, c h a r a c 
terized by spark machining the surface impregnated 
metal surfaces (1) in order to produce "wear surfaces of de- 
sired dimension and/or suitable smoothness. 

30 15. Method according to claim 14, characte- 

rized by wire spark machining the surface impregnated 
metal surfaces (1). 

16. Method according to claim 15, characte- 
rized by surface impregnating the metal surfaces (1) 

35 locally along a contour line corresponding to an end edge (13 
and/or 14) on a die (15) and/or a stamp (16) and/or a punch, 
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whereafter the die andAor stamp and/or punch are formed by 
wire spark machining along said contour line. 

17. Method according to claim 16, characte- 
rized by providing along said contour line a surface 

5 impregnating string (8) of sufficient width (T) for a por- 
tion (Tl) of said width to form a wear surface on the end 
edge of a die, and the remaining portion (12) a wear surface 
on the end edge of a stamp (16) or a punch, whereby a hole 
(18) in said die (15) for the stamp (6) and/or punch and said 
10 stamp and/or punch are obtained in the same moment by wire 
spark machining along said contour line. 

18. Method according to claim 14, characte- 
rized by die spark machining the surface impregnated 
metal surfaces (1). 

15 19. Method according to claim 18, characte- 

rized by locally surface impregnating at least an end 
edge (20 and/or 21) and/or a bottom edge (22 and/or 23) of 
a countersink (19) in a tool die provided in said surface, 
whereafter the surface impregnated end edge and/or bottom 

20 edge are die spark machined to final size. 

20. Method according to claim 19, characte- 
rized by die spark machining the end edge (20 and/or 
21) and/or bottom edge (22 and/or 23) of the countersink (19) 
by means of a die sparking electrode (24) which is formed 

25 after the final shape of the countersink after the die spark 
machining . 

21. Method for machining or working surfaces on metals, 
namely for providing wear surfaces (1) on metal objects (2), 
e.g. on dies, stamps and/or punches in tools, whereby the 

30 wear surfaces are obtained by surface treatment, preferably 
surface impregnation of the metal object (2) by melting the 
surface layer (3) of said objecc by means of high energy, 
e.g. laser beams (4), while at the same time adding a metal, 
metal alloy or metal mixture or carbides or ceramics (5) to 

35 the smelt (6), characterized by spark machi- 
ning the surface treated surfaces (1) for obtaining desired 
dimension * 
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22. Method according to claim 21, characte- 
rized by locally subjecting the portions of the metal 
object (2) to be spark machined to surface treatment. 

23. Method according to claim 21 or 22 , c h a r a c t e 
5 rized by wire spark machining the surface treated sur- 
faces (1 ) . 

2A . Method according to claim 23, characte- 
rized by locally surface treating the metal object 
along a contour line corresponding to an end edge (13 and/or 

10 14) on a die (15) and/or a stamp (16) and/or a punch to be 
formed by means of the metal object (2), whereafter the die 
and/or stamp and/or punch are formed by wire spark machining 
along said contour line, such that wear surfaces (11, T2) 
are provided locally along the end edge of the die and/or 

15 stamp and/or punch. 

25. Method according to claim 24, characte- 
rized by providing along said contour line a surface 
impregnating string (8) of sufficient width (T) for a portion 
(Tl) of said width to form a wear surface on the end edge of 

20 a die (15), and the remaining portion (12) a wear surface on 
the end edge of a stamp (16) or a punch, whereby a hole (18) 
in said die (15) for the stamp (6) and/or punch and said 
stamp and/or punch are obtained in the same moment by wire 
spark machining the metal object (2) along said contour line. 

25 26. Method according to claim 21 or 22, characte 

rized by die spark machining the surface treated sur- 
faces (1 ) . 

27. Method according to claim 26, characte- 
rized by locally surface treating at least an end edge 

30 (20 and/or 21) and/or a bottom edge (22 and/or 23) of a 

countersink (19) in a tool die obtained by means of the metal 
object, whereafter the surface impregnated end edge and/or 
bottom edge are die spark machined to final size. 

28. Method according to claim 27, characte- 

35 rized by die spark machining the end edge (20 and/or 
21) and/or bottom edge (22 and/or 23) of the countersink (19) 
by means of a die sparking electrode (24) which is formed 
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after the final shape of the countersink after the die spark 
machining . 

29. Method according to any of claims 21-28, c h a r a c 
terized by adding to the smelt (6) 0,01-80 percent 

5 by volume of particles in the form of carbides and/or ceramics 
and/or alloy substances. 

30. Method according to any of claims 21-29, c h a r a c 
terizrd by imparting a largest depth of penetration 
(D) of 0,1-5 mm of the surface treatment into said metal mate- 

10 rial* 

31. Method according to any of claims 21-30, c h a r a c 
terized by adding ~o the smelt (6) or forming in the 
smelt a lubricating substance for giving the surface of the 
surface treating strings (8) self-lubricating properties. 

15 32. Method according to claim 31, characte- 

rized by adding a metal or metal mixture as lubri- 
cating substance. 

33. Method according to claim 31 or 32, charac- 
terized by mixing molybdenum disulfide into the 

20 smelt as lubricating substance. 

34. Method according to claim 31 or 32, charac- 
terized by melting molybdenum disulfide into the 
smelt as lubricating substance. 

35. Method according to claim 31 or 32, c h a r a c - 
25 terized by melting molybdenum into a smelt (6) con- 
taining sulphur for forming molybdenum disulfide in said 
smelt (6) . 

36. Method according to claim 31 or 32, charac- 
terized by impregnating the smelt (6) with molybdenum 

30 and sulphur for forming molybdenum disulfide therein. 

37. Method according to any of claims 33-36, c h a r a c 
terized by providing the smelt (6) with 5-80 percent 
by volume of molybdenum. 

38. Method according to claim 32, characte- 
35 rized by adding tin and/or lead and/or indium as 

lubricating metal substance. 

39. Method for machining or working surfaces on metals, 
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namely by relative disposition of surface treating strings, 
formed by surface treatment, preferably surface impregnation, 
of a material (2) with laser (4) by locally melting the sur- 
face layer (3) of the material with the laser and simul- 
5 taneously adding particles (5) to the smelt (6), which has 

other properties than said material (2), whereby adjacent sur- 
face treating strings (8) are located in relation to each 
other so that they extend partially integrated with each other 
for forming surface treating areas with homogeneous properties 

10 with regard to wear resistance and fricrional reduction, 
c_ha.racterized by subsequently machining or 
working said surface treating areas by grinding or sparking 
wichout exposing untreated material between separate surface 
treating strings (8). 

i5 40. Method according to claim 39, characte- 

rized by adding or forming a lubricating substance 
in the smelt (6) defining the surface treating strings (8) 
in order to give the surface of said strings self -lubricating 
properties . 

20 41. Method according to claim 40, chara.cte- 

r i z e d by adding a metal or metal mixture as lubri- 
cating substance . 

42. Method according to claim 40 or 41, charac- 
terized by mixing molybdenum disulfide into the 

25 smelt as lubricating substance. 

43. Method according to claim 40 or 41 , charac- 
terized by melting molybdenum disulfide into the 
smelt as lubricating substance . 

44. Method according to claim 40 or 41, c h a r a c - 
30 terized by melting molybdenum into a smelt (6) con- 
taining sulphur for forming molybdenum disulfide in said 
smelt (6) . 

45. Method according to any of claims 39-44, c h a r a c 
terized by disposing the surface treating strings (8) 

35 locally on such wear surfaces on objects, e.g. on pressing 
tools, tools or teeth, which are particularly subjected to 
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wear, while the remaining surfaces on said objects are left 
free from surface treating strings (8). 

46. Method according to any of claims 39-45, c h a r a c 
t e r i z e d by spark machining surface treating areas (1) 
provided with integrated surface treating strings (8) for ob- 
taining the desired smoothness and/or size. 
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